The chemical composition of the essential oil from aerial parts of Calamintha nepeta (L.) Savi, collected in the Campania Region, was obtained by hydrodistillation and analyzed by GC and GC-MS. In all, 42 compounds were identified. The oil was characterized by a prevalence of the sesquiterpenic fraction (80.8%). The main components were 1,10-di-epi-cubenol (18.5%), allo-aromadendrene epoxide (11.4%) and cadalene (5.7%). The essential oil was evaluated for its in vitro potential phytotoxic activity against germination and initial radical growth of Raphanus sativus L., Lepidium sativum L., Sinapis arvensis L., Triticum durum L. and Phalaris canariensis L. seeds. The essential oil showed no antioxidant activity.
Karousou and coworkers
reported the essential oil composition of the C. officinalis-nepeta complex in Greece, to clarify the main patterns of its variation. Two different chemotypes were reported. Chemotype I includes oils rich in trans-and cis-piperitone oxide, and piperitenone oxide, while chemotype II comprises oils rich in pulegone and menthone or menthone and isomenthone. In Salento (Apulia, Southern Italy), four chemotypes were identified, characterized respectively by the prevalence of piperitone oxide, piperitenone oxide, piperitone-menthone and pulegone [4] . Marongiu and coworkers [5] reported a strong chemical variability in the essential oils depending on the origin of the samples. In another Italian sample (Sardinia) pulegone, piperitenone oxide and piperitenone were the main components [5] .
Metabolites isolated from C. nepeta, and especially its volatile fraction, have been found to display anti-inflammatory [6, 7] , antibacterial, antifungal [5, 8, 9] , and antioxidant [6, 7, 10] properties. No reports on the possible phytotoxic activity of the secondary metabolites of the plant have been reported. In the literature, Menelaou and coworkers [11] reported the chemical constituents of the perennial shrub Calamintha ashei and its allelopathic properties.
Its main components {menthofuran, (+)-evodone, (-)-calaminthone, (+)-desacetylcalaminthone, 4α,5β-diacetoxymenthofuran, as well as mixtures of (+)-evodone and (+)-desacetylcalaminthone}, in saturated aqueous solutions, inhibited the germination and root growth of Schizachyrium scoparium and Leptochloa dubia, two native Florida sandhill grasses, as well as of Lactuca sativa. (+)-Evodone and (+)-desacetylcalaminthone were the most active components.
In continuation of our studies on the possible phytotoxic and antioxidant activities of essential oils from Mediterranean plants [12] , we studied the chemical composition of the essential oil from C. nepeta and its possible in vitro effects against germination and initial radical elongation of Raphanus sativus (radish), Lepidium sativum (garden cress), Sinapis arvensis (wild mustard), Triticum durum (wheat) and Phalaris canariensis (canary grass). The antioxidant activity of the essential oil was also evaluated.
Chemical composition:
The chemical composition of the oil is summarized in Table 1 , in which the 42 identified compounds are listed according to their elution order on a HP-5MS column. Sesquiterpenoids amounted to 80.8%, among which oxygenated sesquiterpenes (54.4%) prevailed [1,10-di-epi-cubenol (18.5%), allo-aromadendrene epoxide (11.4%) and cadalene (5.7%)]; total monoterpenes was 9.4%. Thymol (7.7%) was the most abundant of the phenolic compounds.
The composition of our sample appears to be different from that of Italian oil of C. nepeta reported in the literature [4, 5] . The results showed the presence of two chemotypes of C. nepeta. In all Italian samples, pulegone, piperitenone oxide and piperitenone were the main components (64.4-39.9%; 2.5-19.1%; 6.4-7.7%). Mastelić and coworkers [13] reported the presence of thymol in the essential oil of C. nepeta collected in Dalmatia.
Phytotoxic activity:
The essential oil was evaluated for its phytotoxic activity against germination and radical elongation of radish and garden cress, two species frequently utilized in biological assays, and of wild mustard, wheat and canary grass, three weed NPC Natural Product Communications species ( Table 2 ). The oils seemed to be ineffective against germination and radical elongation of the five tested seeds. At the highest doses tested, the essential oil showed stimulatory activity of germination of garden cress.
Antioxidant activity:
A weak antioxidant activity (EC 50 = 410.7 µL) was detected, in agreement with the results of Demirci et al. [7] . Neither the essential oil of C. nepeta nor pulegone, the main compound in the oil, displayed radical scavenging activity (>0.5 mg/mL). Galego and coworkers [14] also showed no antioxidant activity of the essential oil of C. baetica, but only chelant activity.
Our results contribute to the knowledge of the chemical diversity of the volatile fraction of Italian C. nepeta, being useful in the chemosystematics of the genus Calamintha. Data on phytotoxic and antioxidant activities, however, showed that the essential oil of this species seems to be have no environmental role. Note: *) p < 0.05; **) p < 0.01 vs. control.
Experimental

Isolation of volatile oil:
Fresh aerial parts (100 g) were ground in a Waring blender and then subjected to hydrodistillation for 3 h according to the standard procedure described in the European Pharmacopoeia [15] . The oil was solubilised in n-hexane, filtered over anhydrous sodium sulfate and stored under N 2 at +4°C in the dark until tested and analyzed.
GC-FID analysis:
The GC-FID analysis was carried out on a Perkin-Elmer Sigma-115 gas chromatograph equipped with a flame ionization detector (FID) and a data handling processor. The separation was achieved using an apolar HP-5 MS fused-silica capillary column (30 m × 0.25 mm i.d., 0.25 μm film thickness). Column temperature: 40°C, with 5 min initial hold, and then to 270°C at 2°C/min, 270°C (20 min); injection mode splitless (1 μL of a 1:1,000 n-pentane solution). Injector and detector temperatures were 250°C and 290°C, respectively. The oil was also analysed using a fused silica HP Innowax polyethylenglycol capillary column (50 m × 0.20 mm i.d., 0.25 μm film thickness). In both cases, helium was used as carrier gas (1.0 mL/min).
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GC/MS analysis:
The GC/MS analysis was performed on an Agilent 6,850 Ser. II apparatus, fitted with a fused silica DB-5 capillary column (30 m × 0.25 mm i.d., 0.33 μm film thickness), coupled to an Agilent Mass Selective Detector MSD 5973; ionization energy voltage 70 eV; electron multiplier voltage energy 2,000 V. Mass spectra were scanned in the range 40-500 amu, scan time 5 scans/s. Gas chromatographic conditions were as reported in the previous paragraph; transfer line temperature, 295°C.
Identification of essential oil components:
Most constituents were identified by gas chromatography by comparison of their Kovats retention indices (Ri) with either those of the literature [16, 17] or with those of authentic compounds available in our laboratories. The Kovats retention indices were determined in relation to a homologous series of n-alkanes (C10-C35) under the same operating conditions. Further identification was made by comparison of their MS on both columns with either those stored in NIST 02 and Wiley 275 libraries or with MS from the literature [16, 18] and a home-made library. Components relative concentrations were obtained by peak area normalization. No response factors were calculated.
Phytotoxic assay:
A bioassay based on germination and subsequent radicle growth was used to study the phytotoxic effects of the essential oil on seeds of Raphanus sativus L. cv. "Saxa" (radish), Lepidium sativum L. (garden cress) and the 3 weed species Sinapis arvensis L. (wild mustard), Triticum durum L. (wheat) and Phalaris canariensis L. (canary grass). The seeds of radish and garden cress were purchased from Blumen srl (Piacenza, Italy), while mustard, wheat and canary grass were collected from wild plants. The seeds were surface sterilized in 95% ethanol for 15 s and sown in Petri dishes (Ø = 90 mm), containing 5 layers of Whatman filter paper, impregnated with distilled water (7 mL, control) or test solution of the essential oil (7 mL), at the different assayed doses. The germination conditions were 20 ± 1°C, with natural photoperiod. The essential oil, in water-acetone mixture (99.5:0.5), was assayed at the doses of 2.5, 1.25, 0.625, 0.25, 0.125 and 0.062 μg/mL. Controls performed with water-acetone mixture alone showed no appreciable differences in comparison with controls in water alone. Seed germination was observed directly in Petri dishes, each 24 h. A seed was considered germinated when the protrusion of the root became evident [19] . After 120 h (on the fifth day), the effects on radicle elongation were measured in cm. Each determination was repeated 3 times, using Petri dishes containing 10 seeds each. Data are expressed as the mean ± SD for both germination and radicle elongation. Data were ordered in homogeneous sets, and the Student's t test of independence was applied [20] .
Free radical scavenging capacity:
The free radical scavenging activity was measured with the stable radical 2,2-diphenyl-1picrylhydrazyl (DPPH) [21] . The analysis was performed in microplates by adding 7.5 μL of extract to 303 μL of a DPPH methanol solution (153 mM). Then, the absorbance was spectrophotometrically measured (Varian) at λ = 517 nm. The absorbance of DPPH without antioxidant (control sample) was used as a baseline measurement. Inhibition of free radical by DPPH in percent (I%) was calculated in the following way: I% [(A blank -A sample /A blank )] ×100, where A blank is the absorbance of the control reaction (containing all reagents except the test compound), and A sample is the absorbance of the test compound read at 517 nm until 60 min. The scavenging activity was expressed as the 50% effective concentration (EC 50 ) of the sample, in terms of μg/mL, necessary to inhibit DPPH radical activity by 50% after a 60 min incubation. These experiments were performed in triplicate, and the results are expressed as the mean ± standard deviation.
